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Abstract
The concept of the Building Life Cycle has been around for more than 20 years, (see for example
Bekker, 1982), but the implications of the concept as the potential generator of a fundamental
shift in approach to the environmental design of buildings has not been fully considered.
This paper investigates the potential of the building life cycle to provide assistance to designers
attempting to produce more environmentally responsible designs.
The paper shows how the building life cycle may be conceived of in two ways: ‘temporally’ or
‘physically’.  The temporal life cycle represents a series of events that occur in sequence over
time, whereas the physical life cycle represents the flow of materials and resources, between the
environment and the building life cycle, and around that life cycle.
These two models of the building life cycle provide different means of assistance for the
designer.  The temporal life cycle is useful for those stakeholders within the life cycle to organise
actions leading towards more environmentally responsible design.  The physical life cycle
provides a means of ‘mapping’ the interaction of the building with the environment over its
whole life.
Introduction – Assisting Designers to Deal With Environmental Issues
In Architecture, at the beginning of the 21st century, there is ever increasing recognition of, and
interest in dealing with, the environmental consequences of the design of the built environment.
However, with the best of intentions there are barriers to Architects implementing
environmentally responsible strategies in their designs.  Wittman (1997) has conducted an
extensive survey of architects perceptions regarding barriers to environmentally sustainable
design and she reveals the following:
‘…the essential problem underlying the identified barriers (to sustainable
architecture) is a lack of consensus as to the significance and relevance of
environmental problems in general…’ (Wittman 1997, p7)
This problem manifests itself in the design process as an inability to make design decisions based
on environmental considerations.
In attempting to address the environmental impact of buildings a wide range of environmental
assessment tools for buildings have been developed over the last decade or so.  One primary aim
of many of these tools is to assist designers in dealing with environmental issues, that is, to assist
them to make the environmentally responsible decision.
A review of a wide range of existing tools has been conducted evaluating them in terms of their
suitability for aiding the designer (Watson 2003). Among other findings of this review, those
relevant to this line of inquiry may be summed up in three main points.
Firstly, in general the tools cover a wide range of environmental issues, but do not provide a
clear, or philosophically consistent means of organisation of those issues.  It is therefore difficult
for the designer to understand relationships between issues, or between their actions and the
environmental consequences of those actions.
Secondly, but related to the first point, is that they do not deliver to the designer the ‘big picture’
of the relationship between the building and the environment.  The tools are principally reductive
in nature.  They tend to focus on assessing individual environmental issues, rather than looking at
the relationships between issues, or between design strategies and their environmental
consequences.  The assessment tools do not facilitate the building to be seen as a whole, greater
than the sum of its parts.
Thirdly the tools are primarily driven by the principle of eco-efficiency a characteristic also
seemingly stemming from the reductive scientific model in which minimisation of the throughput
of resources is the driving force, for example minimising energy consumption or water
consumption as primary goals.  This can be seen to be based on a linear model of human society,
and this way of thinking forms a barrier to environmentally responsible design thinking in itself.
This is examined in the following section.
From Linear to Cyclical Thinking
Another barrier to the understanding of complex environmental issues has been found to be
biological in nature.  Gladwin et al (1997) have identified a series of constraints that appear to
exist within the human mind.  Two of these constraints are of particular relevance here.  The first
is that the human mind is adapted for ‘proximity’ rather than ‘distance’ and the second is that it is
adapted for perception of ‘disconnection’ in the world rather than ‘interconnection’ (Gladwin et
al, 1997).  These two constraints are related and may be seen to be behind what is often termed
the ‘linear’ perspective of human society and its relationship to the natural environment.
Figure 1: Comparison of a linear and cyclical conception of the flow of resources through
human society.
The linear model of human society is based on a relatively short time scale and is reliant on the
notion that humans exist as a distinct entity from the rest of the environment.  It is only by
creating this distinction and therefore a beginning and endpoint for material flows through human
society, that such a conception may exist (refer figure 1).  It was Darwin (1872) with his ‘Origin
of Species’ originally written in 1859, who broke down this distinction, yet the strong biological
constraint identified by Gladwin et al means that, consciously or not this linear concept of human
society continues to exist today.  In removing the distinction between humans and the
environment it becomes obvious that there is no beginning and end for resource flows in the
environment, but that they cycle around within the environment (refer figure 1).  Such flows are
more difficult for humans to perceive because of the often very long time spans that are involved
for the cycles to be completed.  This is the tendency to perceive proximity rather than distance.
The linear view of the world can be seen to in fact be simply a very small segment of the cyclical
system.  This is represented in figure 2.  In the figure there is a line across the top of the diagram.
This line represents a linear view of a natural system.  If one zooms out, conceptually, to get a
wider perspective, both spatially and temporally on the system that the line represents, the
apparently straight line is seen to be a very small portion of a circle, that is actually very large,
temporally and or spatially.  This is the cyclical view.
Figure 2: Diagrammatic representation of the linear view as being simply a very small and
therefore apparently straight section of what is actually a very large circle.
A good example of the temporal difference between the linear and cyclical perspectives is that of
the carbon cycle and the use of fossil fuels by humans.  A comparison is shown in figure 3.  The
linear view shows how fossil fuels are extracted from the natural environment, used by humans to
produce electricity (among other things), and the waste products, such as CO2, are returned to the
natural environment as waste products.  Looking to the cyclical view the three stages of the linear
view appear as part of the complete cycle of materials, but they take just 1-2 weeks of the cycle
which takes a couple of hundred million years to complete.  Relating this example back to figure
3, the linear view, taking 1-2 weeks, which would be represented by the straight line across the
top, represents just a speck when one takes in the whole of the natural cycle involved.
 
Figure 3: The linear view of the use of fossil fuels (left) and the cyclical view (right).  The
linear view is but a very small section (2 wks in 200 million yrs) of the very large cyclical
system
The Building Life Cycle
Ecological systems, no matter where they are on the hierarchy, from the individual organism up
to the biosphere, are found to work within cyclical systems (Odum, 1963).  Given that there is no
distinction between humans and the environment, then it follows that human systems are cyclical,
or are part of broader cyclical systems and that buildings too are part of ecological cycles.
That ecological systems work as cyclical systems may be translated into practical terms for
design through the use of Life Cycle Thinking (LCT).  This is, in essence, thinking in terms of
cyclical systems rather than in terms of linear systems.  It is typical for the architect to think of
their role in the building process as a linear one that starts with the setting of a brief and finishes
with the hand over of the building to the owners.  However, as Brand (1997) states in regard to
the architects role, ‘A building is not something you finish. A building is something you start.’
Once designed a building may be seen to have a life of its own.
For the building designer, conceptually, a building can be seen as having a life cycle.  The notion
of a building life cycle has been evolving since at least the early 1980’s (Bekker 1982).  There are
many different interpretations of the building life cycle presented in literature on the topic.
Aspects of these different interpretations are important and will be discussed shortly.
Firstly however, it is important to give an overview of the building life cycle as a concept.
Fundamental to all of the different interpretations are two concepts: the notion of closure of the
flow of resources through the building process and; the notion of stages within the cycle that the
process of building moves through.
Figure 4: Diagrammatic representation of the Building Life Cycle.
The version of the life cycle presented in figure 4 incorporates six stages.  One complete circuit
of the life cycle represents one ‘design life’ of the building.  For example, a new building is
designed to be a factory. It goes through one design life as a factory, but then comes to be disused
and is redesigned into a housing development.  This housing development would represent a
second design life and hence a second circuit of the life cycle.  The notion of a design life
delivers a place to consider a beginning of a cycle, a concept which otherwise would be illogical
as a circle has no beginning.
The building life cycle ‘begins’ with the initiation stage in which occurs, the extraction of
resources from the natural environment to produce the materials for the building, or the reuse of
existing building stock.  The life cycle continues through the manufacture of components and
fabrication in the production stage; all of the work that is conducted on the building site in the
construction stage; the everyday use of the completed building in the operation stage; and the
recurring replacement, repair, and refurbishment of the building and its components during its
operational life, in the maintenance stage.  The last stage is disposition.  This represents the end
of the building’s design life.  At this point the building is either demolished and its materials
returned to the environment, or recycled or reused in some form, or the building itself is reused
and taken on into the initiation stage of another building design life.
The Temporal and Physical Representations of the Building Life Cycle
Differences in interpretations of the building life cycle are based on the definition of stages
included within the life cycle.  The building life cycle may be conceptualised in two ways.  The
first is a temporal life cycle in which the building life cycle represents a sequence of events that
follow each other in time.  Each stage represents a series of tasks that are undertaken at that
particular time in the life cycle.  The second is a physical life cycle in which the building life
cycle represents a flow of materials that are transformed at each of the various stages within the
cycle.
Figure 5: The temporal building life cycle being used to structure design actions in the
Queensland Govt. ESD Fitout Guidelines (QDPW et al, 2000) (left) and the Minnesota
Sustainable Design Guide (2000) (right).
Figure 5 shows examples from two environmental assessment tools that make use of the temporal
building life cycle.  Within each of the stages in the life cycle are listed actions to be undertaken
by the stakeholders within the life cycle.  These representations may be understood when the
intention of the tools is considered.  The Queensland Government ESD Office Fitout Guidelines,
(QGFG) provides a representation of the building life cycle from the perspective of the
government, as client and designer, for use in maintaining its own building assets (QDPW et al,
2000).  The Minnesota Sustainable Design Guide (MSDG) is a tool intended for design guidance.
In it a series of checklists are presented to guide the designer through the types of decisions that
should be made at each of the stages within the life cycle (MSDG, 2000).
The representation presented in figure 4 is a physical life cycle.  Each stage represents the
physical transformation of resources, and hence interaction, between the building life cycle and
the environment within which the life cycle is situated.  Stages are defined not strictly by their
temporal relationship but by the types of activities that are occurring.  Maintenance for example
occurs during the operational life rather than at a distinct time after the operational stage as
shown in figure 4.  However, maintenance represents a range of activities that are quite distinct
from the everyday running of the building and therefore are seen as a set of activities in
themselves.
The physical representation of the building life cycle is most often utilised for the purposes of
environmental assessment, that is, in assessing the environmental consequences of the life cycle.
Gilbert et al, (ref) the same team that helped to produce the QGFG, when presenting a model for
the environmental assessment of government assets use the following stages of the building life
cycle - Extraction, Manufacture, Construction, Operation and Disposition, as opposed to the
temporal life cycle stages presented in figure 5.
Other representations confuse the temporal with the physical.  Fletcher et al, (2000) for example,
present the stages of the life cycle as Design, Extraction and Processing, Construction, Use,
Refurbishment and Demolition with Recycling, reuse or Disposal. The implication of this
sequence of stages is that once a design is established then materials are extracted to produce
products to fulfil the design.  Activities that occur in the design of a building, though they
influence the building life cycle, should be seen separately from the interactions that the building
itself has with the environment.
Using the BLC to Provide Assistance to Designers.
Though the temporal life cycle is being used as a means of guiding design actions, such as
illustrated in figure 5, by placing the designer, or for that matter any other stakeholder, into the
building life cycle, the role of the designer is implied to be one of connecting the preceding and
following stages of the life cycle.  In the QGFG for example, connecting the planning and
construction stages (refer figure 5).
The physical representation, while assisting in structuring environmental assessment, is also
useful as a design aide in itself.  In the physical life cycle the design stage and hence the designer
has been removed.  By removing designers, from the life cycle and then returning the diagram to
them as a tool, it frees them from seeing themselves as being just one cog in the wheel.
Designers can have an omnipotent view of the building and its interactions with the environment
throughout its entire life.  The same could be said of other stakeholders that participate in the
building life cycle.
Designers, through their design decisions, have influence over the processes that go on at all of
the stages represented by the physical building life cycle.  They have the opportunity to reduce
impacts at every stage.  Though the design of a building occurs in time somewhere between the
initiation of a project and its construction, the sphere of consideration for the designer should be
the entire life cycle.
Mapping of Environmental Impacts
The physical building life cycle provides the opportunity to ‘map’ the interactions between the
building and the environment at all stages of the life cycle, as well as the movement of resources
around the life cycle.  This is shown in generic form in figure 6.
Figure 6: The Physical Building Life Cycle with representation of the interactions between
the life cycle and the environment at all of the various stages.
Resource inputs and outputs and the consequential environmental impacts may be grouped by life
cycle stage.  This is essentially its role in environmental assessment, but it can act as a design
decision-making aide in the same way.  It allows the designer to weigh up the environmental
consequences of different design options.  Figure 7, for example, shows a qualitative comparison
of two choices of flooring over the life cycle of the building.
As a logical consequence of this use of the physical life cycle as a means of mapping
environmental consequences, it also provides a representation of what would be a state of
ecological sustainability for the building life cycle.  In this state there would be no unsustainable
inputs from, or outputs to the natural environment throughout the life cycle. Whether or not this
is practically attainable is irrelevant.  The point is that the position of ecological sustainability
may be mapped theoretically and the designer then knows when she is heading towards it.  This
theoretical state of sustainability forms a benchmark against which environmental performance
on all or any of individual environmental criteria may be compared.
Figure 7 A qualitative comparison of some of the basic resource inputs and outputs of two
possible means of provision of flooring. Primary source for information (Demkin, 1995-)
Organising Environmental Issues
The physical building life cycle provides a comprehensive structure upon which to base
environmental assessment of a building design.  The quantitative assessment of environmental
criteria over the entire building life cycle is difficult, if at all possible to achieve, particularly if it
is being undertaken at a single point in time within that life cycle.  A framework for conducting
assessment must be set up at the outset of a project and then be followed through the life cycle
stages.  The physical representation of the building life cycle does however provide the designer
with a means of qualitatively mapping the environmental impact of the design at any point in the
design process.  Environmental impacts may be categorised according to the stages at which they
occur.  The stages provide exclusive groupings for environmental impact purposes.  Impacts may
then also be categorised according to whether they are inputs to the cycle or outputs from it and
according to their type, such as atmospheric, water, resource depletion and so on.  This is shown
diagrammatically in figure 8.
Figure 8: The categorisation of environmental considerations around the building life cycle
concept.  The operational stage is shown but the same could be applied to all stages.
Encouraging Cyclical Thinking and Consideration of Life Cycle Strategies
As mentioned above, designers have the opportunity to address the environmental consequences
at all stages of the building life cycle through their design decisions.  Having an omnipotent view
of the building life cycle will encourage broader scale thinking about potential design strategies,
rather than just thinking in terms of single environmental issues. A designer could look at the
building life cycle and start with a goal of minimising energy consumption, over the life of the
building, and this might lead to a whole range of strategies for achieving this goal at the various
stages.  However cyclical thinking will lead the designer to strategies that incorporate the whole
of the life cycle.  Some examples of such strategies are given here.
Design for Disassembly or Design for Deconstruction is a strategy in which the building or
certain of its components are designed such that they may be easily taken apart at the end of the
design life and separated for recycling or reuse (Crowther, 1999). This has implications for most
of the stages of the life cycle.  The materials chosen affect the initiation and production stages,
the method of assembly effects the construction stage and the means of disassembly effects the
maintenance and disposition stage.  For the designer there are also implications for the various
stages of the design process.  That is, such strategies must be put into place early in the design,
but must be followed through to the most detailed stages in which the types of connections for
the materials and components are specified.
Design for longevity is a strategy in which the building and or its components are designed to last
for as long as possible.  Design for longevity may mean designing with long-lasting materials and
focusing on long lasting details.  However, another aspect of it is design for future flexibility, in
which the building is designed to accommodate future re-organisation of space for new uses. The
longer the building lasts, the more future uses it is likely to be able to accommodate, hence if the
structure allows reorganisation for those future uses the original building can be continually
maintained and reused.
Delivering the ‘Big Picture’
The above life cycle strategies may be seen as ‘big picture’ strategies, and this leads to the final
point to be made which is that both of the representations of the building life cycle (Temporal and
Physical), deliver a ‘Big Picture’ to the designer.  The benefits covered above including: the
mapping of environmental consequences, the representation of the state of sustainability, the
organisation of issues and the encouragement of cyclical thinking in the designer, all stem from
this big picture that the building life cycle provides.
As noted in the introduction, existing environmental assessment tools do not deliver this big
picture.  They do not have strong, ecologically grounded, underlying rationales to their
organisation.  They tend to be an agglomeration of issues that are deemed to be important.  It is
not that these issues aren’t important, but it is very hard to deal with them all at once.  The
building life cycle delivers a means of organising and seeing the relationships between
environmental issues, potentially leading to the setting of priorities by the design team.  It is
through the establishment of priorities that design decisions can be made.
Further Discussion
The notion of the Building Life Cycle and the benefits that it delivers to the designer in helping to
come to terms with the environmental consequences of buildings lends itself to use as an aide for
the teaching of environmental design to architecture students (and potentially those students of
other related fields).  The building life cycle has been trialed as a means for structuring a 3rd year
environmental design and servicing course at the University of Queensland in 2003.
There also seems to be great potential in the building life cycle providing a bridge between the
designer and the more hard nosed environmental assessment processes such as Life Cycle
Assessment (LCA).  The building life cycle could be used as a template for the display and
analysis of results of LCA in a fashion similar to that shown in figure 7.
While this paper has focused on the role of the designer as part of the building life cycle, the
concept of the building life cycle could just as easily be used as an aide to all other stakeholders
within the building process. All stakeholders should be included within the temporal life cycle so
that their role, or actions may be undertaken as appropriate and required. However, removing all
stakeholders from the physical life cycle gives them the chance to influence all stages, rather than
just limited elements.
The building life cycle, as described in this paper, has been taken on as a basis for a building
environmental assessment framework (Watson 2003).  This framework, currently in conceptual
form, would provide a structure within which any environmental issue may sit.  Issues may be
added to, or taken away from the framework over time without effecting the overall working of
the framework.  The temporal and physical life cycles are used in parallel.  The temporal to direct
actions throughout the building procurement process, and the physical to organise environmental
issues and assess environmental impacts.  Further work is planned on the development of this
framework.
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